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Abstract 

Supersymmetric (SUSY) standard models in which the lightest SUSY particle 
(LSP) is an ultralight gravitino (m, 3 / 2 = 0{\) eV) are very attractive, since they 
are free from the cosmological gravitino problems. If the neutralino is the next 
lightest SUSY particle (NLSP), it decays into a photon and the gravitino in collider 
experiments. We propose a simple test for the lightness of gravitino at the LHC. 



1 Introduction 

Supersymmetric (SUSY) standard models (SSM), are the most promising scenario for 
the beyond-standard model. Among of them, gauge mediated SUSY-breaking (GMSB) 
models [lj with a light gravitino (m 3 / 2 = 0(1) eV) are very attractive, since they are 
free not only from the flavor changing neutral current (FCNC) problem but also from the 
cosmological gravitino problems [2]. In many GMSB models, the gravitino is the lightest 
SUSY particle (LSP) and the Bino-like neutralino or the "right-handed" stau is most 
likely the next lightest SUSY particle (NLSP). In this letter, we investigate the case of 
the Bino-like neutralino NLSP scenario. In this case, collider signatures are characterized 
by the simultaneous production of a large missing energy, large Pt jets and photons. 
These signatures are very specific and hence they are regarded as a strong evidence of the 
beyond-standard model. Within the SUSY framework there is almost no doubt that the 
gravitino is the LSP and the NLSP is the neutralino. However, it is not clear that such a 
signal ensures that the SUSY is the case. For example, some universal extra dimension 
(UED) models also predict hard photon signals. However, the particle corresponding to 
the LSP would be substantially heavy (m = (9(100) GeV) in UED models. Therefore, 
the confirmation for the lightness of the LSP provides a more convincing evidence of the 
gravitino LSP in the GMSB. In this letter, we propose a simple test for the light gravitino 
scenario at the LHC. 

2 Missing Energy and Photon Momentum 

In many GMSB models, colored SUSY particles have larger production cross sections at 
the LHC, even if they are heavier than other colorless SUSY particles. A heavy SUSY 
particle decays into a lighter SUSY particle in sequence and almost all of the SUSY decay 
chains reach the lightest Bino-like neutralino x\i which mainly decays into a pair of a 
gravitino and a photon. (Recall that we assume the NLSP is the neutralino Xv) The 
decay length of the lightest neutralino is given as 




(1) 
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which is smaller than the detector size for m 3 / 2 = 0(1) eV, and hence the lightest neu- 
tralino Xi decays inside of the detector. It is expected that two lightest neutralinos are 
produced in a SUSY event due to the R-parity conservation. Therefore, two high Pp 
photons and gravitinos are produced in the SUSY events. We focus on the two photons 
events. 

Consider the decay process Xi ~^ G 3 / 2 + 7. In the rest frame of the neutralino Xi, 
regardless of the gravitino mass, we have a relation between momenta of the gravitino 

— * — * 

(P<5 3/2 ) and the photon (P 7 ) as 



P o m = -Pt (2) 



If the neutralino Xi nas a non-zero momentum, generally 

% 2 * -P-r (3) 

for each decay. However, the distributions of the two momenta (P 7 and P<5 3/2 ) should be 
identical, since the gravitino is almost massless; 

P(P 63/2 )=P(P 7 ), (4) 

where D(X) represents a distribution of variable X. On the other hand, in the case of a 
heavy LSP (here, LSP means the particle corresponding to the gravitino G3/2), 

P(P LSP )^P(P 7 ), (5) 

if the neutralinos have non-zero momenta. 

Therefore, the check of the coincidence of the distributions P(P^ 3/2 ) and P(P 7 ) pro- 
vides a good test for the smallness of the gravitino mass. Though the momentum of 
the individual gravitino cannot be measured directly, we expect the sum of transverse 
momenta of two gravitinos are determined by the missing energy P m i SS ,T as, 

E P k /2 T - (6) 

i=l,2 

If the gravitino LSP is almost massless, the distribution of the sum of transverse momenta 
of two photons, |Pyi,T + ^72,t|, should be identical to that of the missing energy P m i SS ,T; 

^(^miss^^^d^T + ^Tl). (7) 
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In the above discussion, we have neglected the missing energy from neutrinos and back- 
grounds related to the detector resolution, and hence it is not clear whether Eq. ([7]) holds 
at the detector level. In the following section, we show that the naive relation Eq. (J7J) is 
indeed valid, even if such effects are included. 

An Example 

— * — * 

Let us see the shape of -D(.E misSj T) and D(|P,yi,T + ^72,t|) by adopting an example. We 
have done Monte-Carlo simulation to calculate the above two distributions. We have used 
programs Herwig 6.5 [3] and AcerDET-1.0 [I]. As an example, we adopt the minimal gauge 
mediation model with 

A = 100 TeV, M = 200 TeV, iV 5 = 1, tan/5 = 15, sgn(/i) = +1 and C grav = 1, (8) 

where A is F/M, M the messenger mass, A5 the number of messengers, tan/? ratio of the 
two higgs vacuum expectation values, sgn(/i) sign of the higgsino mass and C gra v scale 
factor of the gravitino mass. Here F is the SUSY breaking F-term. 

In the above set up, the gaugino masses M a are generated from loop diagrams of the 
messengers and are given by, at the one-loop level, 

Ma ^N^a A ( a = 1,2,3), (9) 

where a a is the SM gauge couplings and ct\ = 5q;em/(3 cos 2 6w)- Scalar masses m^, at 
the two loop level, are given by 

m^2Ar 5 A 2 ^(^) 2 C a (,), (10) 

a 

where C a (i) are Casimir invariants for the particle (pi {C\(i) = 3Y^ 2 /5). Finally, the 
gravitino mass is given by 

where Mp = 2.44 x 10 18 GeV is the reduced Planck mass. 

To generate the mass spectrum and decay table, we have used the program ISA JET 7.78 [5]. 
In the above model in Eq. ([8]), the gravitino mass is 4.8 eV and the neutralino the NLSP 
of mass 139 GeV. To eliminate the standard-model (SM) background, the following cuts 
are imposed; 



4 



• At least four jets with P T i >2 > 100 GeV and P T 3,4 > 50 GeV. 

• P miss , T > 100 GeV. 

• At least two photons with P T > 20 GeV and |P 7 i iT + P 7 2,t| > 100 GeV. 

• No isolated lepton. 

After those cuts, we find that almost all SM background can be neglected. 

In Figs. [U the distributions of transverse missing energy P m i SS ,T and the sum of trans- 
verse momenta of photons |P 7 i,t + Pj2,t\ are shown for an integrated luminosity 10 fb _1 . 
In Fig. [T]-(a), the gravitino mass is 4.8 eV. In Fig. [H-(b), we set the gravitino mass 50 
GeV to represent a heavy LSP. In the latter case, we assume the Xi decay width into the 
gravitino is the same as in the case that m 3 / 2 = 4.8 eV, if it is kinematically allowed. 
From Figs. H]-(a) and (b), we see that, in the case of a heavy LSP, the two distributions 
P(P m i SSj T) and P(|P 7 i t + P 7 2,t|) have much different forms for each other, compared to 
the massless LSP case. In the case of the heavy LSP (mLSP — 50 GeV), the missing 
energy tends to be larger than the photon energy. 




P T [GeV] P T [GeV] 

(a) (b) 

Figure 1: Distributions of the missing energy and the sum of transverse momenta of two 
photons. The blue and solid line represents photons' distribution and the red and dashed 
line the missing energy, (a): m 3 / 2 = GeV, (b): m 3 / 2 — 50 GeV. 
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3 Scan of Parameter Space 

— * 

Here we examine the closeness of the distributions of missing energy and the sum of P 7 's in 
Eq. ([7j) by scanning for various LSP ( "gravitino" ) (precisely, LSP is an unknown lightest 
particle whose interactions are assumed to be the same as those of a gravitino of mass 
m 3 / 2 ~ 1 eV) mass and various MSSM sparticle spectrums. 

We uniformly chose relevant low energy parameters (in GeV) in the following; 



Here, the second generation sparticles' parameters are the same as the first generation 
ones. For the value of tan /3, we have varied it from 5 to 50 uniformly. Among them, we 
have selected mass spectrums which satisfy the conditions that Mi < M2, /J, and that the 
neutralino is the NLSP. We set the LSP ("gravitino") mass 0, 50, 100 and 200 GeV. As 
for the decay into the LSP ("gravitino") all the widths of decay into the "gravitino" are 
taken as ones of the cases that 777.3/2 = 1 eV, if it is kinematically allowed, i.e., 



T(X - "Gravitino" + ^ V,) = T(X -> G 3/2 \ m3/2=1 eV + Y,Y i )9(m x -^m Yi ). (13) 



For each LSP ("gravitino") mass parameter, we have generated mass spectrums by using 
the program ISAJET and have generated 10000 SUSY events for each mass spectrum by 
using the event-generator. We choose the parameter set in which the number of events 
that survives our cuts are more than 500. The number of generated mass spectrums and 
ones which pass our requirement are shown in Table [TJ To describe the difference between 
the two distributions, we simply define the quantity as 



In Fig. [21 we show the scatter plot of R and m^o. One see that R tends to be larger 
for larger LSP mass. This feature is submerged in the case that the neutralino mass is 



m-g G [500,1000], Mi G [100,1000], M 2 G [100,1000], 

m Qi G [500,1000], m~ dr G [500,1000], m^ r G [500,1000], 

777q 3 G [500,1000], m{ r G [500,1000], m ir G [500,1000], 

At G [-500,500], A h G [-500,500], A T = 0, 

m Li G [500,1000], 777 e - r G [500,1000], 

mi] G [100,1000], 777 fr G [100,1000], 

777 A G [500, 1000], n G [200,1000]. 



(12) 



R = 



(Mean of |P 7 i jT + P 72 , T |) - 100 GeV 
(Mean of P miss , T ) - 100 GeV 



(14) 
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Figure 2: Scatter plots of R and m^o for various values of the LSP mass. The black dots 
represent the case that mLSP = 200 GeV, green ttilsp = 100 GeV, blue ttilsp = 50 GeV 
and red mLSP = GeV. The R defined in Eq. ( TH|) is the parameter to represent the 
difference between missing energy and photon momenta distributions. 



relatively large compared to the LSP ( "gravitino" ) mass. If the neutralino Xi is too heavy, 
there is no significant difference between the cases of "gravitino" of mass and 200 GeV. 
However, for the low mass neutralino, the value of R provides a very clear discrimination 
of the massless gravitino from heavy LSP ( "gravitino" )'s. 

4 Conclusion and Discussion 

Two photons + missing energy signature at the LHC is very interesting from various 
viewpoints. First of all, it strongly suggests the light gravitino scenario, in the framework 
of the SSM. In this paper, we show that the two distributions of missing energy and 
photon momenta is very close to each other, if the gravitino is very light. This provides 
a simple consistency check for the lightness of the gravitino. In our previous work [6], we 
showed that the lightest neutralino mass can be measured by using only the missing and 
photon energies. However, we assumed that the gravitino is massless in the previous work, 



7 



"Gravitino" Mass 


Generated Mass Spectrum 


After the Cuts 


GeV 


7725 


7255 


50 GeV 


7618 


7048 


100 GeV 


7159 


5317 


200 GeV 


6523 


4041 



Table 1: The numbers of generated mass spectrums. The center column represents spec- 
trums which satisfy the Bino-like NLSP (Mi < M 2 ,/i) and the right column represents 
ones in which the number of SUSY events passing the cuts is over 500. 

Thus, we get only the relation between m^o and 7713/2, such as (w| — 1^3/2) / m x° by using 
m,T2 technique [7J. In the present paper we propose a simple test for the assumption of 
the massless gravitino. In addition, even if the "gravitino" is massive, we can determine 
both m^o and m 3 / 2 by using the result of mx2 technique and the relation between R and 
m^o shown in Fig. [2j 

Although we discuss only the case of neutralino NLSP, the slepton NLSP scenario is 
also interesting. In this case, our present analysis would be also applicable, but we need 
a more careful analysis, since many leptons are generated through SUSY cascade decays 
and neutrinos, which have missing energy, are substantially produced from the decay of 
the tau leptons (which originate from NLSP decay.) 

In this letter, we have shown that the missing energy tends to be larger, if the LSP 
is heavier. It is expected that this trend would also exist in models other than GMSB 
ones. Therefore, the distribution of the missing energy £ , m i SS ,T would provide important 
informations on the mass of the lightest particle (probably a candidate for the dark matter 
in the universe.) 
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